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In an earlier investigation,! the large-angle
elastic alpha scattering from Ca* was mea-
sured at 30.5 MeV at MIT and for several higher
energies to 40 MeV at Lewis Research Center.
The striking feature of these cross sections was
that the large-angle structure exhibited a strik-
ing amplitude variation with energy while the
angular positions of the minima remained rela-
tively fixed. This behavior contrasts with that
at the forward angles where the oscillatory pat-
tern shifts with energy as predicted by the sim-
ple diffraction theory.

feveral groups have met with little success in
attempts to understand this phenomenon in terms
of a conventional four-parameter optical model,
leading to much speculation concerning the ori-
gin of the behavior. Two approaches have been
advanced, the first based on exchange processes
such as heavy-particle stripping, while the sec-
ond involves the use of additional parameters to
the standard optical model.

We have studied the large-angle scattering
from the even-even nuclei Ar®, Ar®, % Si®*,
and O!® between 30 and 40 MeV, in order to de-
termine whether the phenomena at these angles
would exhibit any systematics or whether, ac-
cording to one suggestion, the effects were
peculiar to Ca* and other closed-shell nuclei.
The NASA 60-inch cyclotron was used for the
measurements. For the lower energies, the
beam was degraded through beryllium foils fol-
lowed by a magnetic analyzer so that the incident-
beam energy spread remained constant. Solid-
state counters subtending 1.7° gave an over-all
energy resolution of 1.5% (full width at half-
maximum). All targets except silicon were
gases,

The results of our survey, plotted as the ratios
to the Rutherford cross section, are seen in
Fig. 1. For clarity of presentation only a few
data points with the larger error bars are shown,
while the remaining data are represented by
smooth lines. The Ca* cross sections of refer-
ence 1 have been included for comparison. Mea-
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surements on Ar*® were quite different from
those for Ca*. The pronounced large-angle dif-
fraction pattern is largely absent; only the last
minimum remains stationary and the over-all
cross section in this region is lower by an order
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FIG. 1. Angular distributions of alpha particles
elastically scattered by Ca%, Ar%®, Ar*, 5%2, and O'¢,
The arrows indicate angles at which excitation functions
were measured.
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of magnitude than that of calcium. A®% sho%s a
remarkable over-all similarity in Ca* at the low

eﬁergy in spite of the fact that the central region

is very energy sensitive. At the high energy the
large-angle cross sections are depressed as in
Ar® but the minima remain in phase as in Ca®,
5% follows the behavior of Ar® at large angles
having large, in-phase amplitude variation with
energy. Si'® and O'® share with the others the
common feature of a large backward enhance-
ment and sharp minima; however, in contrast,
there is very little energy dependence of the am-.
plitudes. It is interesting to note that the deep
minimum between 120° and 130° c.m. is common
to four of the nuclei studied.

In order to obtain a comparison of the energy
dependence of the enhancement for the various
nuclei in the region of interest we have mea-
sured excitation functions at angles indicated by
the arrows in Fig. 1. Distortions of these curves
due to slight angular movement of the maxima
should be small. The results are seen in Fig. 2.
Ca*®, Ar®*, and S* have a similar smooth de-
crease in cross section with increasing energy,
while §*® and O are relatively invariant.

In summary, we have found that the large- \
angle elastic alpha scattering cross sections
from Ca%, Ar%, $%, Si*®, and O'® exhibit pro-
nounced diffraction patterns which have a con-
stant angular position as the incident energy is
varied between 30 and 40 MeV. Furthermore
Ca*®, Ar®, and S* all show a strong and sys-

tematic energy dependence. Finally, the lovge
difference between Ar*® and Ca* suggests that
the large-angle scattering might be sensitive
to some facet of nuclear structure.

In light of these results, both of the explana-
tions mentioned in the introduction seem to have
difficulties in describing the large-angle scat-
tering behavior of the heavy nuclei. The plane-
wave stripping approach? gives the cross section
as a function of the momentum transfer in the
collision and thus would predict angular shifts
with energy of the peaks similar to those in the
forward hemisphere. This is in contradiction
to our data. Also the cross section should de-
crease as the target mass is increased. While
this seems to be true for the lighter nuclei it is
in disagreement with the trend of $%, Ar%, and
Ca* as seen in Fig. 2.

It has been found® that the conventional optical
model can easily reproduce the magnitude and
the periodicity of those cross sections which are
not enhanced at the back angles (Ar*® and the
high-energy $° and Ar®) but no parameters
were found which would emphasize the back
angles. If, on the other hand, a modified opti-
cal model is used where the radius of the imag-
inary part is reduced from that of the real part,
the cross section at back angles can be in-
creased.* It has been suggested that this al-
lows certain waves to resonate in the optical
potential. Although it is impossible to delineate
what a modified optical model cannot do, it
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FIG. 2. Large-angle excitation functions for elastic alpha-particle scattering by Ca'®, Ar'®, Ar%, s%, 8i¥®, and
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seems improbable that even this technique will 1C. R. Gruhn et al., Bull. Am. Phys. Soc. 8, 358
give as strong an energy dependence as is found (1963).

in the data. ’T. Honda, Y. Kudo, and H. Ul, Nucl. Phys. 44, 472
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